Thirty-seven male C57Bl/6 mice (Japan SLC, Inc.) 6-16 weeks old and weighing 20-26 g at the time of surgery were used. The mice were randomly assigned to 4 groups defined by the length of coating over the tip of the intraluminal sutures used, as follows: Group 1, 1 mm of coating (8 mice); Group 2, 2 mm (8 mice); Group 3, 3 mm (10 mice); and Group 4, 4 mm (11 mice).
The occlusion suture was prepared by coating the tip of a 7-0 monofilament nylon suture (Kono Seisakusho Co., Ltd.) with silicone rubber (Shin-Etsu Chemical Co., Ltd). A piece of paper with multiple holes made with a 33-gauge needle (outer diameter of 200 mm, NanoPass; Terumo Corp.) was prepared. One end of the 4-cm-long nylon suture was passed through the hole and dipped into the silicone rubber for different depths of 1, 2, 3, or 4 mm from the tip. Then, the suture was withdrawn through the hole of the paper. The coated suture was dried at room temperature for about 6 hours, and this process was then repeated. Approximately 20 sutures were made at once. After drying overnight, we examined each suture under a microscope and measured its diameter by using a micromeasure (CROWNJUN Microscale, Kono Seisakusho Co., Ltd.). The sutures chosen for the experiment had smooth and round tips, and the coated portion was between 180 and 200 mm in diameter with the targeted length of 1-4 mm. Diameters of the uncoated portions of the sutures were also measured and ranged from 50 to 69 mm.
The diameter of the ICA is approximately 200 mm, and the diameters of the origins of the MCA and the ACA are approximately 170 mm in C57Bl/6 mice under physiological conditions; 9 therefore, we selected this type of suture for complete blocking of the ICA bifurcation when the tip of the suture was correctly placed in the ACA.
Surgical Procedure
The mice were anesthetized with a ketamine-xylazine mixture (40 mg/kg ketamine and 4 mg/kg xylazine, total volume of injection 1.0 ml/kg intramuscular) and breathed room air spontaneously. The rectal temperature during all surgical procedures was maintained at 37°C ± 0.5°C using a feedback-regulated heating pad (BWT-100, Bio Research Center Co., Ltd.). The arterial blood pressure was measured using the tail-cuff auto-pickup method (Softron Co., Ltd.).
With the mouse in a prone position fixed in a head holder (SG-4N, Narishige Co., Ltd.), the scalp was shaved and cut meticulously with a surgical knife to expose the thin skull (calvaria) over the bilateral cerebral and cerebellar hemispheres without causing brain trauma. Using LSF (Omegazone, Omegawave, Inc.), the baseline CBF values were recorded for 1 minute.
The mouse was then placed supine, and ischemia was induced. The neck was incised at the midline between the manubrium and the jaw, and the left CCA was carefully separated from the vagus nerve. The ECA was ligated near its bifurcation into the lingual and maxillary arteries and cauterized. The occipital artery was cauterized and cut. The pterygopalatine artery was then exposed and isolated. A collar suture at the base of the ECA was prepared using a 5-0 silk suture, the ICA was closed using a vascular clip, and the CCA was temporarily ligated with 7-0 nylon suture. The silicone-coated suture was introduced into the arteriotomy hole in the ECA and was advanced into the left CCA bifurcation. After cutting the ECA, the suture was advanced distally into the ICA. Once the tip of the inserted suture reached the ICA, the collar suture of the ECA was tightened to avoid bleeding from the arteriotomy, and the blood flow from the CCA and ICA was restored. The temporary occlusion time of the ICA was less than 1 minute. The intraluminal suture was inserted into the ICA to 9 ± 0.5 mm from the CCA bifurcation until mild resistance was felt. The collar suture at the base of the ECA stump was tightened securely around the inserted filament. The wound was closed using silk suture, with the intraluminal suture hidden in the wound. The CBF values were recorded using LSF for 1 minute. Then, the mouse was allowed to awaken.
Two hours later, the mouse was reanesthetized and fixed in the head holder in a supine position. The cervical wound was reopened, and the free end of the intraluminal suture was set outside the wound for the preparation of reperfusion in the next step. The wound was closed, and the mouse was placed prone.
Under continuous monitoring of the CBF in the bilateral cerebral hemispheres by LSF, reperfusion was achieved by withdrawing the suture gently and slowly by 9 mm back into the ECA stump. The CBF monitoring was continued from 2.5 minutes before to 2.5 minutes after reperfusion. In a supine position, the intraluminal suture was removed, the ECA was ligated, and the wound was closed. The mouse was awakened and allowed to survive for 24 hours after reperfusion.
Measurement of CBF
Real-time topographic CBF imaging was performed using LSF (Omegazone). Recordings were performed through the intact skull. The periosteum, which adheres to the skull, was widely and gently removed using fine-tip forceps with the temporalis muscle left intact. The surface of the skull was wiped with saline and covered with a slipcover over a thin layer of gel (Aquasonic, Parker Laboratories, Inc.) to prevent drying. During CBF measurement, the skull surface was diffusely illuminated by a 780-nm laser light. The scattered light was filtered and detected using a charge-coupled device camera positioned above the head. The filter detected only scattered light with perpendicular polarization to the incident laser light. The raw speckle images were used to calculate the speckle contrast, which corresponds to the number and velocity of moving red blood cells and is directly related to CBF. Signal processing was performed by the algorithm developed by Forrester et al. 7 The current experimental settings allowed us to measure the relative CBF of the dorsal surface of the cerebrum (Fig. 1A and B) . Color-coded blood flow images were obtained in high-resolution mode (638 × 480 pixels; 1 image/second). The mean CBF was measured using ROIs (900 pixels) located in the MCA and the PCA territories. The absolute value of the CBF is theoretically vulnerable to many experimental conditions such as magnification of the charge-coupled device camera, room light, and the amount of gel over the skull, so it may not always be reliable. 1 Therefore, we introduced the %CBF of an ROI expressed as a percentage of the CBF value of the ipsilateral ROI in the MCA or PCA territory against that of the corresponding ROI in the contralateral hemisphere.
To define vascular territory in the pseudocolor image obtained by LSF objectively, the casting method with carbon black gelatin was conducted in a separate series of experiments (10 hemispheres in 5 mice). After tracing the anastomosis point of the ACA, MCA, and PCA in each hemisphere, 15 the distance between the borderline and the midline or the transverse sinus was measured.
Neurological Scoring
The mice were evaluated at 24 hours after reperfusion using a 4-point neurological severity scale as follows: 1, no deficit; 2, forelimb weakness; 3, inability to bear weight on the affected side; and 4, no spontaneous motor activity. 14 
Determination of the Infarct Volume
After 24 hours of reperfusion, the mice were deeply anesthetized using an intramuscular injection of ketamine (100 mg/kg) and xylazine (10 mg/kg) and were killed by intracardial perfusion with 50 ml of saline. The brains were removed and cut into 5 coronal 2-mm-thick sections. These sections were incubated for 20 minutes in 1% TTC in phosphate-buffered saline at 37°C. Images of the slices were acquired using a digital camera (J1250, General Imaging Japan). The area of the infarction delineated as white due to the absence of staining was measured using the ImageJ program, version 1.29x (National Institutes of Health) for each section. The infarct areas were calculated using the Leach correction to negate the effect of edema on infarct volume. This correction was calculated as follows: lesion area of each section = (contralateral hemisphere area/ipsilateral hemisphere area) × ipsilateral lesion area. 12 The lesion volume was calculated by summing the lesion areas of all sections and multiplying by the slice thickness.
Two and 3 mice in Groups 3 and 4, respectively, died before 24 hours of reperfusion and thus TTC staining was not available for these animals. The territories and volumes of the infarction were analyzed in 8 mice in Groups 3 and 4.
Evaluation of the PCoA on the Ischemic Side
The patency of the PCoA (a branch connecting the PCA and the posterior circulation) was evaluated in Group 4 by using the casting method with carbon black gelatin. At 24 hours after reperfusion, following euthanization of the mice with 50 ml of saline perfusion intracar- dially, 0.8 ml of carbon black gelatin in an equal volume of 20% gelatin in H 2 O was injected through the same intracardial cannula. The brain was removed. The patency of the ipsilateral PCoA was evaluated using a microscope by an observer unaware of the experimental conditions. The scoring system was as follows: 0, no anastomosis between the PCA and the SCA; 1, anastomosis between the PCA and the SCA in the capillary phase; 2, small truncal PCoA; and 3, truncal PCoA. 17 
Statistical Analysis
All values are given as the mean ± SD. Comparisons of the mean infarct volume, %CBF, neurological score, and physiological parameters between the 4 suture groups used 1-way ANOVA and subsequent pairwise comparison of means using the Tukey multiple comparison test. The same parameters were compared using the unpaired t-test between the MCAO group that showed infarction only in the MCA territory (21 mice total; 8 in Group 1, 8 in Group 2, 3 in Group 3, and 2 in Group 4) and the MCAO + PCAO group that showed infarction in the MCA and the PCA territories (11 mice total; 5 in Group 3 and 6 in Group 4). Mortality rates between the groups were compared using the Fisher exact test. Values of p < 0.05 were considered statistically significant. All statistical analyses were performed using a personal computer with GraphPad Prism for Microsoft Windows (version 5.03, GraphPad Software, Inc.).
Results

Physiological Variables
The physiological data were collected just before MCAO, 2 hours after MCAO, and 10 minutes after reperfusion. There were no significant differences in systolic blood pressure or rectal temperature between the 4 groups at each point (Table 1) .
Territories and Volumes of the Infarction
Insertion of the 2-mm coated suture (Fig. 1A) into the ICA 9 mm from the CCA bifurcation positioned the tip of the suture in the proximal segment of the ACA, occluded the orifice of the MCA, and maintained the PCA flow (Fig. 1B) . A representative infarction induced with the current ischemia model is demonstrated in Fig. 1C . The lesions were located only in the MCA territory in Groups 1 and 2. Five (62.5%) of 8 mice in Group 3 and 6 (75%) of 8 mice in Group 4 exhibited lesions involving the MCA and PCA territories (Fig. 1D) .
Correlation Between Vascular Territories and Topographic CBF Imaging
Representative field of view and pseudocolor images of CBF of the normal mouse brain (bilateral cerebral cortices) are shown in Fig. 2A and B. The cortex in the field of view used for real-time topographic CBF monitoring was supplied by the MCA, PCA, and ACA. To classify the vascular territory on the pseudocolor images, we used the casting method with carbon black gelatin in a separate experiment with 5 mice to define the MCA, ACA, and PCA territories. Depending on the measurement of the position of anastomosis, the ACA territory is within 1.4 mm of the midline. The PCA territory is within 1.0 mm of the line parallel to the transverse sinus. The MCA territory is outside the former territory (Fig. 2C) . According to these results, the ROIs for each vascular territory were placed on the CBF image. The pseudocolor images allowed us to monitor in real time whether the current ischemic insult was located only in the MCA territory or both the MCA and the PCA territories ( Fig. 2D and E) .
Correlation Between Suture Length and Topographic CBF Imaging
Quantitative ROI analysis of the laser speckle perfu- sion images revealed that the mean %CBF in the MCA territory of Group 1 was significantly higher than that of Group 4 (p < 0.05). There was no significant difference between the other groups (Fig. 3A) . The mean %CBF in the PCA territory was significantly higher in Groups 1 and 2 than in Group 4 (p < 0.01 and p < 0.05, respectively). There was no significant difference between the other groups (Fig. 3B) . While the mean %CBF in the MCA territory did not differ between the combined Groups 1 + 2 and 3 + 4 (p = 0.1), the mean %CBF in the PCA territory of combined Groups 1 + 2 (81.0% ± 10.4%) was significantly higher than in combined Groups 3 and 4 (62.8% ± 17.7%) (p = 0.001, graph not shown). The mean %CBF in the MCA territory of the MCAO group was not significantly different from that in the MCAO + PCAO group (p = 0.08) (Fig. 3C) . The mean %CBF in the PCA territory was significantly higher in the MCAO group than in the MCAO + PCAO group (p < 0.001) (Fig. 3D) .
Correlation Between Infarct Volumes and the Patency of the PCoA
Infarction was present in both the MCA and the PCA territories in 75% of Group 4, and the infarct volume was larger in mice with poor patency of the PCoA, indicating some correlation between infarct volume and the patency of the PCoA in Group 4 (Fig. 4) .
Mortality Rate and Neurological Evaluation
No mouse died in Group 1 or 2. Two (20%) of 10 and 3 (27.3%) of 11 mice died between 14 and 20 hours after reperfusion in Groups 3 and 4, respectively. However, the mortality rates at 24 hours after reperfusion did not significantly differ between groups or between combined Groups 1 + 2 versus 3 + 4. The mice were evaluated at 24 hours after reperfusion by using a 4-point neurological severity scale. There was no significant difference in the mean scores between the 4 groups (Fig. 5A) . The combined Groups 3 + 4 showed a significantly more severe mean neurological score than combined Groups 1 + 2 (p = 0.02) (Fig. 5B) . Similarly, the MCAO + PCAO group demonstrated more severe neurological deficits than the MCAO group (p = 0.002) (Fig. 5C ).
Discussion
The main finding of the present study is that the PCA territory may or may not be involved in the ischemic lesion, depending on the nature of the intraluminal suture used, leading to considerable variation in lesion sites and volume. Sutures with a coating length of 1 or 2 mm should be used for consistent infarction within the MCA territory, regardless of the patency of the PCoA. In addition, LSF was useful to discriminate whether the PCA territory is involved and to minimize the inconsistency of the infarct size.
Strain-related variations in the vascular anatomy of mice significantly affect infarct volume in the intraluminal suture model. 6 In C57Bl/6 mice, the patency of the PCoA is often poor, and the PCA is mainly supplied from the ICA. 10 Thus, when the suture occludes the orifice of the PCA, the MCA and PCA territories may be subjected to infarction in the present model.
The nature of the suture is one of the most important factors in the intraluminal suture model that affect the consistency of infarct volume. The diameter and length of the coating are particularly important. To coat the tip of the suture, silicone rubber is often used to ensure occlusion of the origin of the MCA and to prevent subarachnoid hemorrhage. 13, 18 One previous study described the optimal diameter of coating to produce consistent infarct in C57BL/6 mice. 20 The optimal length of the coating remained unclear, but this factor may affect blood flow from the ICA to the PCA. In fact, sporadic MCAO involving PCAO is known in this model, 4, 10, 19 although no systemic investigation has been reported.
This study used 4 sutures with coating lengths of 1, 2, 3, and 4 mm because the distance between the first branch of the ACA where the tip of the intraluminal suture reaches and the origin of the PCA is about 2.51 mm in this species of mouse. 19 We expected that some mice lacking patency of the PCoA in Groups 3 and 4 would undergo simultaneous infarction in both the MCA and PCA territories, whereas such mice in Groups 1 and 2 would develop lesions confined within the MCA territory, regardless of the patency of the PCoA due to blood supply to the PCA territory from the ICA.
The diameters of the silicone coating and the suture itself are also important parameters to determine infarct size and its variability. In a previous study, sutures measuring 170 and 180 mm in diameter consistently occluded the MCA in C57BL/6 mice. 20 The diameter of the uncoated portion of suture would also be important because The %CBF in Group 1 (56.2% ± 3.6%) was significantly higher than that of Group 4 (45.8% ± 8.8%) (p < 0.05). However, the %CBF of the PCA territory was more variable within and between groups. Group 1 (83.0% ± 11.1%) and Group 2 (78.7% ± 9.8%) demonstrated no histologically detectable infarction as evaluated by TTC staining in the ipsilateral PCA territory. In Group 3, 5 of 8 mice demonstrated infarction on TTC staining in the PCA territory, but the mean %CBF (68.8% ± 15.3%) was not significantly different from that of Group 1 or 2. In Group 4, 6 of 8 mice demonstrated infarction in the PCA territory, and the mean %CBF (57.6% ± 19.0%) was significantly different from that of Groups 1 and 2 (p < 0.01 and p < 0.05, respectively). C and D: Graph showing the %CBF of the MCA (C) and PCA (D) territories in the MCAO and MCAO + PCAO groups. The MCAO group consisted of 21 animals that demonstrated infarction only in the MCA territory on TTC staining (8 in Group 1, 8 in Group 2, 3 in Group 3, and 2 in Group 4). The MCAO + PCAO group consisted of 11 animals that demonstrated infarction in both the MCA and the PCA territories (5 in Group 3 and 6 in Group 4). The %CBF in the MCA territory was around 50% in both groups and was lower in the MCAO + PCAO group (46.8% ± 8.3%) than in the MCAO group (51.6% ± 6.8%), although the difference was not significant (p = 0.08). In contrast, the %CBF in the PCA territory remained at 81.4% ± 10.2% in the MCAO group, which was significantly higher than 54.1% ± 10.7% in the MCAO + PCAO group (p < 0.001). the space left in the ICA will depend on it. Matching these features of sutures with animal size and strains may be important as well. It would be of interest to examine whether selecting more specific diameters of coating and suture would reduce variability in the specific animal size and strains.
Laser speckle flowmetry is useful for noninvasive assessment of topographical CBF. This method allowed us to observe the spatial distribution and degree of CBF changes during focal cerebral ischemia and reperfusion. By expressing the CBF value as a percentage of that of the corresponding contralateral region, it is possible to predict territories that will undergo infarction as territories with a %CBF of approximately less than 60%. Although the %CBF in the PCA territory was slightly reduced (> 80%) in Groups 1 and 2, no infarction developed, indicating that the uncoated portion of the suture in the ICA reduces the blood flow to the PCA but does not cause infarction. Figure 3A shows that the %CBF in Group 4 was significantly lower than that in Group 1, possibly because leptomeningeal anastomosis from the PCA territory to the MCA territory in Group 4 is expected to be less than that in Group 1.
Besides inconsistency in the size of infarction, other problems of this model include a relatively high mortality rate at approximately 24 hours of reperfusion following 30-60 minutes of ischemia (10%-27.5%). 4, 19, 20 Groups 3 and 4 of the present study included 5 (23.8%) of 21 mice that died before 24 hours after reperfusion, whereas no mouse in Group 1 or 2 died. Because 62.5% of animals showed lesions in both the MCA and PCA territories in combined Groups 3 and 4, we speculate that the high mortality rates are due to involvement of ischemic lesions in the PCA territory. The present study also demonstrated that different neurological deficits develop depending on whether the PCA territory is involved (Fig. 5) . Selection of the suture seems important for comparison of neurological deficits.
Sutures with 1-2 mm of coating would be useful to explore the effect of drugs or interventions because variation of infarct volume is small and the number of animals that are needed for the experiment will be minimized. Sutures with 3-4 mm of coating may be used in a setting in which a large and severe infarction is necessary, even at the expense of significant variations in infarctions.
As long as the surgical steps are followed and the suture is prepared properly, this intraluminal suture model will not be very demanding surgically. We used 38 mice for initial learning to stabilize the technique and 40 mice for the actual experiment. During the initial learning period, the time to complete the surgical procedure from skin incision to insertion of the intraluminal suture was shortened by about one-half, to 20-25 minutes. During the experiment, 37 of 40 mice provided useful data, and 3 mice died during induction of ischemia or reperfusion.
One of the limitations of this study is that we did not randomize the groups, and we were not blinded to CBF monitoring. Measurement of infarct volume is also limited methodologically because casting was only carried out in 1 group. These points are expected to be improved in future studies.
The C57Bl/6 mouse is one of the most common background strains of genetically modified mice. 6, 10, 16 Additionally, this strain is suitable for stroke research because of its large MCA territory, 15 robust vasodilatory response, 8 and high susceptibility to ischemia. 21 Thus, improvement of an experimental model using this strain may be of significant importance.
Conclusions
The present study indicated that the length of coating over the tip of the suture was critically important to produce consistent ischemic lesions and that real-time topographic CBF monitoring by LSF was useful to predict the size of the lesions. Optimized and reproducible animal models are vital to study the genes and signaling pathway that may be involved in this cascade as well as for testing potential pharmaceutical interventions. In the present study, the small suture tip (1-2 mm) could produce consistent and reproducible cerebral infarctions. This method will reduce the number of animals required and provide scientific, economic, and ethical benefits.
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